Time-of-flight measurements using
the Disk Chopper Spectrometer

* Useful relationships among A, k, v, T, E.

¢ How do we obtain (Q,®) from (26,t): S(Q,®) from 1(26,t)?

* How do we determine values of t for each time channel?

* How do we decide what wavelength to use?

* Time-distance diagrams

* What are contaminant wavelengths and how do we remove them?
* What is frame overlap and how do we avoid it?

* Container scattering and background corrections

* Normalization and detector efficiency corrections

Useful relationships
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An example
MA] If A=4 A (=0.4 nm),
T[“S/mm]~T k=157 At
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How do we obtain Q and o given 20 and t?

—

We know A, hence v, [k.|, and |E. |

1 1

Given t(=tg, ) and 26, and knowing

—

Dg,, we obtain v,, |k, | and |E, |.

(DSD is the distance from sample to detector J

ty, is the time-of-flight from sample to detector

How do we obtain S(Q,®) from 1(20.,t)? (part 1)

Number of neutrons per second scattered at Number of atoms
angle 20 into solid angle AQ, reaching illuminated
detector within time interval [tp,ty+At]

Solid angle subtended

/ by detector
d’c

1(20,t) = N® AQAt
Qdt ’\
\ Width of time channel
Number of neutrons per second Double differential scattering cross
per unit area in the incident section (w.r.t. time)

beam (incident flux)

2

To the extent that AQ and At (and N and &) are constants, ddQ((;t

o< 1(26, 1)




How do we obtain S(Q,®) from I(20,t)? (part 2)

Double differential scattering
Cross section w.r.t. energy

Double differential scattering
cross section w.r.t. time

}

d’c

}

d’c dt

dQdE, dQdt dE,

2 2
SinceEfc><1/t2,dEf o< —; hence d'o o< d’o t3.
dt ot dQdE,  dQdt
d’c _ s £S(Q o) Scattering
dQdE; 4nh k, ’ function

Thus S(Q,®) < (26, t)- t*

How do we determine values of t for each time channel?

Knowing when the choppers
were open, and all required

Sample \

distances, we know when
neutrons reach the sample (tg).

Choppers
1l |
1 |

We define a delay time A (known
as “tsd-min”). The time channel
counter is reset at all times tg+A.

Detector

The k’th time channel

The time between pulses at the
sample is T. The time channel
width is 6t = 0.001A.

(k=1,1000) corresponds to
sample-to-detector times of
flight from t = A+(k-1)dt to
t = A+kot .




How do we decide what wavelength to use?

e Intensity I(A) is highly structured at short A.
At long A, I(\) drops ~50% for every 2A.
e Energy resolution varies roughly as 1/1°.

e (Qrange and Q resolution vary as 1/A.
e Bragg peaks can be troublesome at short A.

Dependence of intensity and resolution on wavelength
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Time-distance diagrams - single pulse
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Time-distance diagrams - multiple pulses
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What is frame overlap?
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“Removal” of frame overlap
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What are contaminant wavelengths (‘“‘orders’)?
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Removal of contaminant wavelengths
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Container scattering and background corrections

C5(260,0) =| C3e(26,1) —Cp(26) |
—(26)-[ C2™(26,1) - Cy*(26) |

C, (26, 1) = C* (26, 1) — CI** (26)

SC: sample plus container B: background

C: container only V: vanadium

f(20): “self-shielding factor”

Normalization and detector efficiency corrections

Idealized

2
count-rate \Is (20,t) = N® d’c AQAL
dQdt s Detector
Total Beam monitor efficiency
COUHT counts/efficiency /
4
CEBM d’c
(@8 =Ny g - Lgdtl n-29
CBM de
Cy (20,0 =N -V ——. AQALM" (28
V( ) \% nBM AV {det v N (29)

Hence

BM
[d’c/dQdt | = C(20.0 | Ny -CgM.AS}[dzc/dgdt]
s C,(20,t) | Ny CPM A, v




